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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the waveform-equalization equipment with 
which the wave degraded minute of a high region frequency is compensated and which can be 
adjusted. 
[0002] 

[Description of the Prior Art] When performing digital recording to record media, such as a disk 
and a magnetic tape, the regenerative signal reproduced from the record medium needs to 
compensate the wave degraded minute of a high region frequency using waveform-equalization 
equipment, in order for the high region frequency to fall and to acquire an original digital wave. 
Hereafter, an example of conventional waveform-equalization equipment is explained, referring 
to a drawing. 

[0003] Drawing 5 is the block diagram showing the configuration of conventional waveform- 
equalization equipment. In drawing 5 , the high-pass filter 1 consists of the differential amplifier 
2, resistance 3 and 4, a capacitor 5, a transistor 6, and current sources 7 and 8. The differential 
amplifier 2 outputs change of the electrical-potential-difference difference of the difference input 
of a non-inversed input terminal and an inversed input terminal as change (mutual conductance 
gml) of a current by the transistor differential-amplifier configuration. The current source 7 is 
connected as a current source of the common-emitter circuit of the transistor differential 
amplifier, and if a current fluctuates, a mutual conductance gml will also be fluctuated. In 
addition, since it is well-known about the relation between the transistor differential amplifier 
and the current source of a common-emitter circuit, detailed explanation is omitted. 
[0004] Resistance 3 and 4 is connected to the serial between the terminal 9 and the voltage 
source 10, and the middle point of resistance 3 and 4 is connected to the non-inversed input 
terminal of the differential amplifier 2. The capacitor 5 is connected between the output of the 
differential amplifier 2, and the terminal 9. a transistor 6 - a collector is connected to a power 
source Vcc and the emitter is connected to the inversed input terminal of the differential 
amplifier 2 for the base at the output of the differential amplifier 2. A current source 8 gives a 
bias current to the emitter of a transistor 6. 

[0005] In addition, the signal in front of waveform equalization is inputted into a terminal 9. 
Moreover, the voltage source 10 shall be set as the electrical potential difference of 1/2 Vcc. 
[0006] The all pass filter 11 consists of the differential amplifier 12, resistance 13 and 14, a 
capacitor 15, a transistor 16, and current sources 17 and 18. The differential amplifier 12 outputs 
change of the electrical-potential-difference difference of the difference input of a non-inversed 
input terminal and an inversed input terminal as change (mutual conductance gm2) of a current 
by the transistor differential-amplifier configuration, and the non-inversed input terminal is 
connected to the voltage source 10. The current source 17 is connected as a current source of the 
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common-emitter circuit of the transistor differential amplifier, and if a current fluctuates, a 
mutual conductance gm2 will also be fluctuated. 

[0007] Resistance 13 and 14 is connected to the serial between each emitter of transistors 6 and 
16, and the middle point of resistance 13 and 14 is connected to the inversed input terminal of 
the differential amplifier 12. The capacitor 15 is connected between the output of the differential 
amplifier 12, and the emitter of a transistor 6. As for the transistor 16, at the output of the 
differential amplifier 12, the collector is connected to the terminal 19 for an output in an emitter 
for the base at the power source Vcc. A current source 18 gives a bias current to the emitter of a 
transistor 16. 

[0008] About the conventional waveform-equalization equipment constituted as mentioned 
above, the actuation is explained below. Drawing 6 simplifies and shows the frequency 
characteristics of gain and a group delay, respectively about the high-pass filter 1 and the all pass 
filter 1 1 of drawing 5 , and the curves a and b in drawing 6 show the property of the same sign 
point in drawing 5 , respectively. 

[0009] In drawing 6 , a high-pass filter 1 shows the property of emphasizing a high region 
frequency, and compensates the high region frequency which deteriorated. In this case, as for the 
group delay frequency characteristics of a high-pass filter 1, a high region frequency is known by 
that produce a wave in a band and the time delay is increasing. 

[0010] On the other hand, gain is 1 and the all pass filter 1 1 can set up only a time delay. Then, 
by choosing the value of a capacitor 15 or a mutual conductance gm2, as shown in the curve b of 
a time delay, flattening of the group delay frequency characteristics of an output wave of a 
terminal 19 can be carried out to a high region frequency. 
[0011] 

[Problem(s) to be Solved by the Invention] Record media, such as a disk and a magnetic tape, 
and playback components, such as a head, have dispersion in the property between individuals, 
and the ideal waveform-equalization property corresponding to the reproduced digital signal is 
not necessarily single. When dispersion is remarkable, there is a problem of the error rate of a 
regenerative signal deteriorating, and it will be necessary to change an identification property 
sharply in that case. 

[0012] In the circuitry of drawing 5 , by adjusting a current source 7 and fluctuating a mutual 
conductance gml, the gain-frequency characteristics of a high-pass filter 1 change, and the 
amount of high frequency compensation can be adjusted. 

[0013] However, the wave of the group delay frequency characteristics in a terminal 19 needs to 
be compensated by group delay frequency characteristics 1 also changing, if the gain-frequency 
characteristics of a high-pass filter 1 are adjusted, and readjusting the current source 17 of the all 
pass filter 1 1 anew, and fluctuating a mutual conductance gm2, since the group delay frequency 
characteristics in a terminal 19 become less flat. In this case, the adjustable range of the all pass 
filter 1 1 needs to cover a large area considerably supposing the adjustable range of a high-pass 
filter 1. For this reason, when taking time in tuning, it had the trouble that there was a possibility 
that an alignment error may arise that it is hard to find the optimum point of group delay 
frequency characteristics. 

[0014] It aims at offering the waveform-equalization equipment which simplifies tuning by this 
invention's solving the above-mentioned conventional trouble, and adjusting the frequency 
characteristics of gain and a group delay to coincidence. 
[0015] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose the waveform- 
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equalization equipment of this invention The 1st differential amplifier which outputs change of 
the electrical-potential-difference difference of a difference input as change of a current, While 
having the 1st buffer amplifier which low-impedance-izes the output of the 1st differential 
amplifier, and outputs it Connect to the non-inversed input terminal of the 1st differential 
amplifier the middle point of the 1st and the 2nd resistance by which series connection was 
carried out to the input terminal between touch-down, connect the output of the 1st buffer 
amplifier to the inversed input terminal of the 1st differential amplifier, and the 1st capacitor is 
minded for the output of the 1st differential amplifier. The 2nd differential amplifier with which 
change of the high-pass filter which it comes to connect with an input terminal, and the 
electrical-potential-difference difference of a difference input was outputted as change of a 
current, and the non-inversed input terminal was grounded, While having the 2nd buffer 
amplifier which low-impedance-izes the output of the 2nd differential amplifier, and outputs it 
Between the output of the 1st buffer amplifier, and the output of the 2nd buffer amplifier The 3rd 
by which series connection was carried out, and the all pass filter which connects the middle 
point of the 4th resistance to the inversed input terminal of the 2nd differential amplifier, and 
comes to connect the output of the 2nd differential amplifier with the output of the 1st buffer 
amplifier through the 2nd capacitor, It has the 1st current source which makes the 1st and 2nd 
current which determines the mutual conductance of the 1st and 2nd differential amplifier, 
respectively fluctuate by this ratio. 

[0016] Moreover, the mutual conductance of the 2nd differential amplifier is equipped with the 

2nd current source which makes the 3rd current fluctuate while it is determined with the sum of 

the 2nd current and the 3rd current, or the current value of a difference. 

[0017] Furthermore, it is constituted so that the mutual conductance of the 2nd differential 

amplifier may be determined by the output current of the equalization circuit which fluctuates the 

2nd current to arbitration, and an equalization circuit. 

[0018] 

[Function] If this invention increases the current of the 1st current source with the above- 
mentioned configuration (reduction), since the mutual conductance of the 1st differential 
amplifier will increase (reduction), emphasis of the gain of a high region of a high-pass filter is 
controlled (enhancement). Although a wave arises in the group delay frequency characteristics of 
a high-pass filter at this time, since it changes in the direction where change of the group delay 
frequency characteristics of an all pass filter negates change of the group delay frequency 
characteristics of a high-pass filter when the mutual conductance of the 2nd differential amplifier 
increases to coincidence (reduction), flat [ of the group delay frequency characteristics as 
waveform-equalization equipment ] is held. 

[0019] Moreover, since the gain-frequency characteristics of a high-pass filter were sharply 
changed by determining with the current value which determined the mutual conductance of the 
2nd differential amplifier with the sum of the 2nd current and the 3rd current, or the current 
value of a difference, or fluctuated the 2nd current to arbitration, even when the need for group 
delay frequency characteristics arises, adjustment of an all pass filter is good at fine tuning. 
[0020] 

[Example] Hereafter, the example of the waveform-equalization equipment of this invention is 
explained, referring to a drawing. 

[0021] Drawing 1 is the block diagram showing the configuration of the waveform-equalization 
equipment of the 1st example of this invention. In drawing 1 , the high-pass filter 21 consists of 
the differential amplifier 22, resistance 23 and 24 (resistance Rl and R2), a capacitor 25 
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(capacity value CI), transistors 26 and 27, a current source 28, and resistance 29. The differential 
amplifier 22 outputs change of the electrical-potential-difference difference of the difference 
input of a non-inversed input terminal and an inversed input terminal as change (mutual 
conductance gml) of a current by the transistor differential-amplifier configuration. The 
collector of a transistor 27 is connected to the common emitter of the transistor differential 
amplifier of the differential-amplifier 22 interior, and if the collector current of a transistor 27 
fluctuates, a mutual conductance gml will also be fluctuated. Moreover, at the base of a 
transistor 30, the emitter is grounded for the base of a transistor 27 through resistance 29. In 
addition, since it is well-known about the relation between the transistor differential amplifier 
and the current of a common emitter, detailed explanation is omitted. 

[0022] Resistance 23 and 24 is connected to the serial between the terminal 31 and the voltage 
source 32, and the middle point of resistance 23 and 24 is connected to the non-inversed input 
terminal of the differential amplifier 22. The capacitor 25 is connected between the output of the 
differential amplifier 22, and the terminal 31. As for the transistor 26, at the output of the 
differential amplifier 22, the collector is connected to the terminal 33 for an output in an emitter, 
and the inversed input terminal of the differential amplifier 22 for the base at the power source 
Vcc. A current source 28 gives a bias current to the emitter of a transistor 26. In addition, the 
regenerative signal in front of waveform equalization is inputted into a terminal 31. Moreover, 
the voltage source 32 shall be set as the electrical potential difference of l/2Vcc. <BR> [0023] 
To the power source Vcc, the emitter is grounded for the base and the collector of a transistor 30 
through resistance 35 through the source 34 of a good transformation style. 
[0024] The all pass filter 36 consists of the differential amplifier 37, resistance 38 and 39 
(resistance R3), a capacitor 40 (capacity value C2), transistors 41 and 42, a current source 43, 
and resistance 44. The differential amplifier 37 outputs change of the electrical-potential- 
difference difference of the difference input of a non-inversed input terminal and an inversed 
input terminal as change (mutual conductance gm2) of a current by the transistor differential- 
amplifier configuration. The collector of a transistor 42 is connected to the common emitter of 
the transistor differential amplifier of the differential-amplifier 37 interior, and if the collector 
current of a transistor 42 fluctuates, a mutual conductance gm2 will also be fluctuated. 
Moreover, at the base of a transistor 30, the emitter is grounded for the base of a transistor 42 
through resistance 44. 

[0025] Resistance 38 and 39 is connected to the serial between the terminal 33 and the emitter of 
a transistor 41, and the middle point of resistance 38 and 39 is connected to the inversed input 
terminal of the differential amplifier 37. The capacitor 40 is connected between the output of the 
differential amplifier 37, and the terminal 33. As for the transistor 41, at the output of the 
differential amplifier 37, the collector is connected to the terminal 45 for an output in an emitter 
for the base at the power source Vcc. A current source 43 gives a bias current to the emitter of a 
transistor 41. 

[0026] About the waveform-equalization equipment of the 1st example of this invention 
constituted as mentioned above, the actuation is explained below. 

[0027] When the transfer function from Ghp and a terminal 33 to a terminal 45 is set to Gap for 
the transfer function from a terminal 31 to a terminal 33, and it asks for transfer functions Ghp 
and Gap, as shown in (several 2), it is expressed, respectively (several 1). 
[0028] 
[Equation 1] 
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[0030] (Several 1) shows a high-pass filter and (several 2) shows the property of an all pass filter 
so that clearly from (several 1) and (several 2). 

[0031] Drawing 2 shows the frequency characteristics of the gain in the output terminal 33 of the 
high-pass filter 21 of drawing 1 , and the output terminal 45 of the all pass filter 36, and a group 
delay, and the continuous line of a graph shows the frequency characteristics of the gain in 
reference condition, and a group delay. Moreover, Curves c and d show the property of the same 
sign point in drawing 1 , respectively. 

[0032] In the continuous line of drawing 2 , a high-pass filter 21 shows the high emphasis 
property which has a break point in l/(2piTl) and l/(2piT2), and compensates the high region 
frequency in which the regenerative signal deteriorated so that clearly from (several 1). In this 
case, it turns out that the group delay frequency characteristics of a high-pass filter 21 produce a 
wave from a low-pass frequency comparatively as shown in Curve c. Since it is usually 
generated in the band of a regenerative signal, this wave requires a cure. 
[0033] On the other hand, as for the all pass filter 36, gain can adjust only a time delay by 1 so 
that clearly from (several 2). Then, by choosing capacity value C2 or the value of a mutual 
conductance gm2, as shown in the curve d of a time delay, the group delay frequency 
characteristics of an output wave of a terminal 45 are improvable. 

[0034] In addition, resistance Rl and R2, capacity value CI and C2, and mutual conductances 
gml and gm2 shall be beforehand set up so that each continuous line of drawing 2 may be 
obtained. The current value of the source 34 of a good transformation style shall be begun, and 
the mirror ratio of the current Miller circuit which consists of transistors 30, 27, and 42 and 
resistance 35, 29, and 44 shall also be beforehand set up so that mutual conductances gml and 
gm2 may furthermore be obtained. 

[0035] It may be better to change the gain-frequency characteristics of a high-pass filter from 
reference condition here depending on dispersion in playback components, such as record media, 
such as a disk and a magnetic tape, and a head. For example, the case where the amount of 
compensation of a high region wants to increase is explained. If the current value of the source 
34 of a good transformation style is decreased, each collector current of transistors 30, 27, and 42 
will decrease by the same ratio by the principle of current Miller circuit. Therefore, since each 
mutual conductances gml and gm2 of differential amplifier 22 and 37 also decrease by the same 
ratio, Tl and T2 in (several 1) increase. Consequently, as the alternate long and short dash line of 
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drawing 2 shows the gain-frequency characteristics of a high-pass filter 21, the amount of 
compensation of a high region increases. In this case, as the alternate long and short dash line of 
Curve c shows the group delay frequency characteristics of a high-pass filter 21, the time delay 
difference of low-pass and a high region increases. 

[0036] However, since especially the time delay of the all pass filter 36 also increases by the 
low-pass side, as it is shown in the alternate long and short dash line of Curve d by what T3 in 
(several 2) also increases, degradation of a terminal 45 of the group delay frequency 
characteristics of an output wave is slight, and is level which is satisfactory practically (in order 
that gm2 may decrease). 

[0037] Conversely, the amount of compensation of a high region of a high-pass filter 21 is 
controlled by increasing the current value of the source 34 of a good transformation style to 
control the amount of compensation of a high region so that clearly from ****. The time delay of 
the all pass filter 36 is decreased on low-pass to coincidence, and degradation of a terminal 45 of 
the group delay frequency characteristics of an output wave is improved. 

[0038] As mentioned above, according to this example, only by adjusting the current value of the 

source 34 of a good transformation style, since gain compensation of a high region frequency is 

interlocked with and the property of the all pass filter 51 shifts, degradation of group delay 

frequency characteristics can be prevented. Moreover, since capacity value CI and C2 is good by 

the small capacity of about 20pF, the formation of IC built-in is possible. 

[0039] By the way, as for the all pass filter 36, in the case of actual waveform-equalization 

equipment, it is possible to also make the wave of the group delay frequency characteristics of 

other circuits of a high-pass filter 21 compensate. In this case, it may be better to give a degree of 

freedom slightly to a setup of the time delay of the all pass filter 36. 

[0040] Then, it explains hereafter, referring to a drawing about the waveform-equalization 

equipment of the 2nd example of this invention. 

[0041] Drawing 3 is the block diagram showing the configuration of the waveform-equalization 
equipment of the 2nd example of this invention. In drawing 3 , since a configuration, a function, 
and the mutual connection relation of both the differential amplifier 22 (mutual conductance 
gml) which is a high-pass filter 21 and its component, resistance 23 and 24 (resistance Rl and 
R2), a capacitor 25 (capacity value CI), transistors 26 and 27, a current source 28, and the 
resistance 29 are completely equal to the thing of the same sign of drawing 1 in the 1st example 
of this invention, they omit explanation. Since both a configuration, a function, and mutual 
connection relation are completely still more nearly equal to the thing of the same sign of 
drawing 1 in the 1st example of this invention also about a transistor 30, terminals 31 and 33, a 
voltage source 32, the source 34 of a good transformation style, and resistance 35, explanation is 
omitted. 

[0042] The all pass filter 51 consists of the differential amplifier 52 (mutual conductance gm2), 
resistance 53 and 54 (resistance R3), a capacitor 55 (capacity value C2), transistors 56, 57, and 
58, a current source 59, and resistance 60 and 61. Moreover, the differential amplifier 52, 
resistance 53 and 54, a capacitor 55, a transistor 56, a current source 59, and a terminal 63 shall 
have the respectively same configuration as the differential amplifier 37 of drawing 1 in the 1st 
example of this invention, resistance 38 and 39, a capacitor 40, a transistor 41, a current source 
43, and a terminal 45, a function, and mutual connection relation. Both the collectors of 
transistors 57 and 58 are connected to the common emitter of the transistor differential amplifier 
of the differential-amplifier 52 interior, and if the total value of the collector current of transistors 
57 and 58 fluctuates, a mutual conductance gm2 will also be fluctuated. Moreover, an emitter is 



6 



grounded for the base through resistance 60 at the base of a transistor 30, and, as for the 
transistor 57, the emitter is grounded for the base through resistance 61 at the base of a transistor 
62, as for the transistor 58. 

[0043] To the power source Vcc, the emitter is grounded for the base and the collector of a 
transistor 62 through resistance 65 through the source 64 of a good transformation style. The 
current value of the source 64 of a good transformation style shall be begun, and the mirror ratio 
of the current Miller circuit which consists of transistors 30 and 57 and resistance 35 and 60, and 
the mirror ratio of the current Miller circuit which consists of transistors 62 and 58 and resistance 
65 and 61 shall be beforehand set up here so that the total value of the collector current of 
transistors 57 and 58 may become equal to the collector current value of the transistor 42 of 
drawing 1 in standard condition. Moreover, similarly in standard condition, the collector current 
of a transistor 58 shall be set to the collector current of a transistor 57, for example, about [ 
1 /several ]. 

[0044] About the waveform-equalization equipment of the 2nd example of this invention 
constituted as mentioned above, the actuation is explained below. 

[0045] The transfer function Ghp from a terminal 31 to a terminal 33 and the transfer function 
Gap equal [ above-mentioned ] to (several 1) and (several 2) from a terminal 33 to a terminal 63 
are clear respectively. Moreover, in reference condition, it is also clear frequency characteristics 1 
of the gain in terminals 33 and 63 and a group delay to be expressed with each continuous line of 
the curves c and d of drawing 2 . Therefore, the high region frequency in which the regenerative 
signal deteriorated is compensated with a high-pass filter 21, and the group delay frequency 
characteristics of an output wave are improved with the all pass filter 51. 
[0046] Here, the gain-frequency characteristics of a high-pass filter are explained about the case 
where the amount of compensation of a high region wants to increase, from reference condition, 
for example. If the current value of the source 34 of a good transformation style is decreased, the 
amount of compensation of a high region [ gain-frequency characteristics / of a high-pass filter 
21 ] will increase like the waveform-equalization equipment of the 1st example of this invention. 
Moreover, the time delay difference of a low-pass and a high region increases. [ group delay 
frequency characteristics / of a high-pass filter 21 ] 

[0047] However, since especially the time delay of the all pass filter 51 also increases by the 
low-pass side when the collector current of a transistor 57 and T3 in (several 2) since it decreases 
to coincidence increase, degradation of a terminal 63 of the group delay frequency characteristics 
of an output wave is also improved sharply. Furthermore, since the mutual conductance gm2 of 
the differential amplifier 52 can be finely tuned by fluctuating the current value of the source 64 
of a good transformation style, the group delay frequency characteristics of an output wave of a 
terminal 63 can be optimized easily. 

[0048] Conversely, while controlling the amount of compensation of a high region of a high-pass 
filter 21 by increasing the current value of the source 34 of a good transformation style to control 
the amount of compensation of a high region so that clearly from ****, the group delay 
frequency characteristics of the all pass filter 51 can be optimized by the change in the current 
value of the source 64 of a good transformation style. 

[0049] Since gain compensation of a high region frequency is interlocked with and the property 
of the all pass filter 51 shifts, when there is little degradation of group delay frequency 
characteristics and it ends according to this example as mentioned above, the group delay 
frequency characteristics of waveform-equalization equipment can be finely tuned easily by the 
change in the current value of a current source 64. 
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[0050] Next, it explains, referring to a drawing about the waveform-equalization equipment of 
the 3rd example of this invention. 

[0051] Drawing 4 is the block diagram showing the configuration of the waveform-equalization 
equipment of the 3rd example of this invention. In drawing 4 , since a configuration, a function, 
and the mutual connection relation of both the differential amplifier 22 (mutual conductance 
gml) which is a high-pass filter 21 and its component, resistance 23 and 24 (resistance Rl and 
R2), a capacitor 25 (capacity value CI), transistors 26 and 27, a current source 28, and the 
resistance 29 are completely equal to the thing of the same sign of drawing 1 in the 1st example 
of this invention, they omit explanation. Since both a configuration, a function, and mutual 
connection relation are completely still more nearly equal to the thing of the same sign of 
drawing 1 in the 1st example of this invention also about a transistor 30, terminals 31 and 33, a 
voltage source 32, the source 34 of a good transformation style, and resistance 35, explanation is 
omitted. 

[0052] The all pass filter 71 consists of the differential amplifier 72 (mutual conductance gm2), 
resistance 73 and 74 (resistance R3), a capacitor 75 (capacity value C2), transistors 76 and 77, a 
current source 78, and variable resistance 80. Moreover, the differential amplifier 72, resistance 
73 and 74, a capacitor 75, transistors 76 and 77, a current source 78, and a terminal 79 shall have 
the respectively same configuration as the differential amplifier 37 of drawing 1 in the 1st 
example of this invention, resistance 38 and 39, a capacitor 40, transistors 41 and 42, a current 
source 43, and a terminal 45, a function, and mutual connection relation. In addition, the emitter 
of a transistor 77 is grounded through variable resistance 80. 

[0053] About the waveform-equalization equipment of the 3rd example of this invention 
constituted as mentioned above, the actuation is explained below. 

[0054] The transfer function Ghp from a terminal 31 to a terminal 33 and the transfer function 
Gap equal [ above-mentioned ] to (several 1) and (several 2) from a terminal 33 to a terminal 79 
are clear respectively. Moreover, if the resistance of variable resistance 80 is made in agreement 
with the resistance of the resistance 44 in drawing 1 in reference condition, it is also clear 
frequency characteristics' of the gain in terminals 33 and 79 and a group delay to be expressed 
with each continuous line of the curves c and d of drawing 2 . Therefore, the high region 
frequency in which the regenerative signal deteriorated can be compensated with a high-pass 
filter 21, and the group delay frequency characteristics of an output wave can be improved with 
the all pass filter 71. 

[0055] Here, the gain-frequency characteristics of a high-pass filter are explained about the case 
where the amount of compensation of a high region wants to increase, from reference condition, 
for example. If the current value of the source 34 of a good transformation style is decreased, the 
amount of compensation of a high region [ gain- frequency characteristics / of a high-pass filter 
21 ] will increase like the waveform-equalization equipment of the 1st example of this invention. 
Moreover, the time delay difference of a low-pass and a high region increases. [ group delay 
frequency characteristics / of a high-pass filter 21 ] 

[0056] However, since especially the time delay of the all pass filter 71 also increases by the 
low-pass side when the collector current of a transistor 77 and T3 in (several 2) since it decreases 
to coincidence increase, degradation of a terminal 79 of the group delay frequency characteristics 
of an output wave is also improved sharply. Furthermore, since the mutual conductance gm2 of 
the differential amplifier 72 can be finely tuned by adjusting the resistance of variable resistance 
80 and fluctuating the collector current of a transistor 77, the group delay frequency 
characteristics of an output wave of a terminal 79 can be optimized easily. 
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[0057] Conversely, while controlling the amount of compensation of a high region of a high-pass 
filter 21 by increasing the current value of the source 34 of a good transformation style to control 
the amount of compensation of a high region so that clearly from ****, the group delay 
frequency characteristics of the all pass filter 71 can be optimized by adjustment of the resistance 
of variable resistance 80. 

[0058] Since gain compensation of a high region frequency is interlocked with and the property 
of the all pass filter 71 shifts, when there is little degradation of group delay frequency 
characteristics and it ends according to this example as mentioned above, the group delay 
frequency characteristics of waveform-equalization equipment can be finely tuned easily with an 
easy configuration by adjustment of the resistance of variable resistance 80. 
[0059] 

[Effect of the Invention] As mentioned above, since this invention only adjusts the 1st one 
current source, is interlocked with gain compensation of a high region frequency and can also 
compensate group delay frequency characteristics, it can realize time amount compaction of 
tuning and an adjustment mistake can also prevent it. Moreover, since the capacity value of a 
capacitor is good by small capacity, the formation of IC built-in is possible for it. 
[0060] Furthermore, the mutual conductance of the 2nd differential amplifier [ whether it adjusts 
by the 1st and 2 current source, and ] Or by adjusting according to the output current of the 
equalization circuit which fluctuates the 2nd current value derived from the 1st current source to 
arbitration Since the group delay frequency characteristics of waveform-equalization equipment 
can be finely tuned easily in gain compensation of a high region frequency being interlocked 
with, and the property of an all pass filter shifting and preventing degradation of group delay 
frequency characteristics, in addition to the above-mentioned effectiveness, the precision of 
tuning improves further. 
CLAIMS 



[Claim(s)] 

[Claim 1] While having the 1st differential amplifier which outputs change of the electrical- 
potential-difference difference of a difference input as change of a current, and the 1st buffer 
amplifier which low-impedance-izes the output of said 1st differential amplifier, and outputs it 
The middle point of the 1st and the 2nd resistance by which series connection was carried out to 
the input terminal between touch-down is connected to the non-inversed input terminal of said 
1st differential amplifier. The high-pass filter which connects the output of said 1st buffer 
amplifier to the inversed input terminal of said 1st differential amplifier, and comes to connect 
the output of said 1st differential amplifier with said input terminal through the 1st capacitor, 
While having the 2nd differential amplifier with which change of the electrical-potential- 
difference difference of a difference input was outputted as change of a current, and the non- 
inversed input terminal was grounded, and the 2nd buffer amplifier which low-impedance-izes 
the output of said 2nd differential amplifier, and outputs it The middle point of the 3rd and the 
4th resistance by which series connection was carried out between the output of said 1st buffer 
amplifier and the output of said 2nd buffer amplifier is connected to the inversed input terminal 
of said 2nd differential amplifier. The all pass filter which comes to connect the output of said 
2nd differential amplifier with the output of said 1st buffer amplifier through the 2nd capacitor, 
Waveform-equalization equipment equipped with the 1st current source which makes the 1st and 
2nd current which determines the mutual conductance of said 1st and 2nd differential amplifier, 
respectively fluctuate by this ratio. 
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[Claim 2] The mutual conductance of the 2nd differential amplifier is waveform-equalization 
equipment according to claim 1 equipped with the 2nd current source which makes said 3rd 
current fluctuate while being determined with the sum of the 2nd current and the 3rd current, or 
the current value of a difference. 

[Claim 3] Waveform-equalization equipment according to claim 1 as which the mutual 
conductance of the 2nd differential amplifier is determined according to the output current of the 
equalization circuit which fluctuates the 2nd current to arbitration, and said equalization circuit. 
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